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PLATES 24 AND 25. 
(Received for publication, January 8, 1926.) 
That carders of Bacterium lepisepticum occur in laboratory rabbits 
and other stocks is of course well known.  We have dealt with certain 
aspects of this matter in earlier papers of this series.  Furthermore, 
as we have pointed out, similar chronic carriers of this organism may be 
developed  experimentally  by  instilling  cultures  into  the  nares  of 
specially  bred  rabbits  which  have  been  protected  from  previous 
exposure.  The  fact  that  an  enduring carrier state  can  be  brought 
about in this manner affords opportunity for studying it under con- 
trolled  conditions,  and  for  analyzing  the  factors  necessary for  this 
particular state of balance or equilibrium between parasite and host. 
The present paper deals with experiments which show that certain 
types of Bact. lepisepticum  are capable of prolonged vegetation in the 
mucous  membranes  of  rabbits,  while  others  are  not.  The  nasal 
passages  of  the  animals  used  in  these  experiments were  examined 
microscopically, in order to determine the nature and severity of the 
tissue reactions, and to correlate them with the bacteriological findings. 
We have considered the results of the experiments in the light of our 
other investigations of this infection; and finally have  endeavored to 
summaxize the factors which condition the response of the rabbit host 
to the presence of the parasite, Bact. lepisepticum. 
Method. 
Groups of 800 to 1000 gin. rabbits, protected from any exposure to Bact.  lepi- 
septicum, were taken  from the Rockefeller Institute breeding room, placed in 
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separate cages, and given, intranasally, by means of a blunt syringe, rabbit blood 
broth  cultures  of various  strains  of  Bact.  lepisepticum  and B.  bronchisepticus. 
Subsequently, each animal was subjected to close observation, temperature  was 
recorded frequently, and the nasal passages were cultured at intervals over a period 
of several weeks.  Material was taken from the nares by inserting a sterile cotton 
swab,  to a  distance of 2  to 3  cm. into the passage, and then spreading it over 
hemolyzed rabbit blood agar in 15 cm. Petri dishes.  After 24 to 48 hours incuba- 
tion, the colonies on the plates were examined qualitatively and quantitatively. 
Rabbits which lived until the end of the experiment were killed by injecting 5 cc. 
of air into the ear vein.  These and the other animals which died of infection were 
autopsied, cultured, and their nasal passages sectioned for further study.  The 
entire premaxillary, maxillary, and nasal portion of the skull was removed in one 
piece,  decalcified, and  divided, through  the  nasal passages,  into  three  blocks: 
anterior, medial, and posterior.  Sections from these blocks were stained by Giem- 
sa's method and with hematoxylin and eosin. 
At four separate times, from April, 1924, to July, 1925, groups of rabbits were 
treated in this way, and as controls two more uninoculated series of eleven and 
thirty similar rabbits were cultured, autopsied, and their nasal tissues sectioned. 
The following bacterial cultures were used in  the experiments: six strains of 
Bact. lepisepticum and four of B. bronchisepticus. 
The Rivers and No. 103 D strains of Bact. lepisepticum are antigenically  identical 
with De Kruif's cultures, and show the same high degree of virulence.  They were 
obtained from rabbits at the Rockefeller Institute, which had died of the natural 
infection.  But these D  strains, so common in this laboratory from 1921 to 1923, 
have not been recovered by us from these or other rabbits since that time. 
The G  variant of the Rivers D  strain is similar to the avirulent G  mutants 
described by De Kruif.  I  It was obtained by growing the original D  culture in 
plain broth at atmospheric oxygen pressure for 72 hours. 
The  mucoid  strains  form  large,  fluorescent,  flowing  colonies,  are  culturally 
similar to the D  strains, but show definite serological differences; they are less 
virulent,  and  are  at  present  widespread throughout  the  Rockefeller Institute 
stock and at least two other rabbit populations which we have under observation. 
Strains 329 and 544 were obtained from the nasal passages of "healthy" rabbits 
in this laboratory.  Strain DC 30 was obtained from a rabbit dead of pneumonia 
at a rabbit farm in New City, N. Y. 
Two strains of B. bronchisepticus, Nos. 8 and 188, were obtained from the nasal 
passages of "healthy" rabbits.  No. 9 was recovered from the lung of a dog dead of 
distemper, and B from a rabbit epidemic.  Culturally, they are all alike and their 
virulence for guinea pigs, on intranasal inoculation, is similar.  They induce little 
or no gross infection in rabbits, when given by the normal, nasal portal of entry, 
and may be recovered from the nasal passages of a large percentage of the rabbits in 
the communities which we have been studying. 
1 De Kruif, P. H., J. Exp. Med., 1921, xxxiii, 773; 1922, xxxvi, 309. LESLIE  T. V~EBSTER  575 
EXPERIMENTAL. 
The  technique used in  each  of the  following four experiments is 
similar, and the purpose of each is to determine what types of bacteria 
and what conditions of the host lead to the equilibrium known as the 
"healthy" carrier state.  For the sake of clarity, the results have been 
grouped as follows: those referable to the bacteria used in each test 
are included with the description of the particular experiment, while 
the reactions of the host, especially the changes which take place in 
the nasal tissues as a result of the presence of these bacteria, are con- 
sidered together in a  special paragraph. 
Experiment  /.--April 21,  1924, nineteen rabbits were given into  each naris 
cc. (250,000,000 bacteria), of a 17 hour blood broth culture of Bact. lepisepticum, 
the virulent Rivers D  strain.  5 days later, fifteen similar rabbits were given 
intranasally  different cultures of B.  bronchisepticus, 1,000,000,000 bacteria  to 
each animal. Strains  188, 9, and B were administered to four animals each, and 
Strain 8 to three. 
4 weeks later the survivors, together with eleven control animals, were killed, 
cultured, and their nasal passages sectioned  for further study. 
The clinical and bacteriological  results of this experiment are summarized in 
Text-fig. 1.  Of the nineteen animals given  the Rivers D strain ofBact, lepisepticum, 
two died of pneumonia, eleven  developed  chronic snuffles, two became "healthy" 
carriers, and four proved entirely refractory to infection.  Type G variants 1 ap- 
peared in the nasal passages  of three of the animals with chronic  snuffles  and seemed 
to increase in number at each examination (Table I).  Fourteen of the fifteen 
rabbits receiving the cultures of B.  bronchiseptieus became "healthy" carriers. 
One animal died of pneumonia. 
Of chief interest to us at this time is the striking difference between 
the "healthy" carrier rate of  the  Bact.  lepisepticum,  Rivers D strain 
group--10.5  per  cent--and  that  of  the B.  bronchisepticus  groups-- 
93.5  per cent.  Apparently, this difference is due to bacterial rather 
than host factors,  since  dosage  and host  variables were adequately 
controlled.  We conclude, therefore, that (1)  these virulent types of 
Bact. lepisepticum,  which are not found at present in the respiratory 
passages of our "healthy" stock rabbits, are likewise unable to survive 
there  when  instilled artificially, but  that  (2)  strains  of B.  bronchi- 
septicus,  which are less virulent and which do vegetate naturally in 
the nasal tissues of a large percentage of our so called normal rabbits, Eabb[t  No.' 
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persist  there  equally  well  and  indefinitely  when  introduced  experi- 
mentally. 
TABLE  I. 
Appearance of Type G Variants in Nasal Passages of Rabbits Inoculated with Bact. 
lepisepticum, Rivers Strain,  Type D. 
Rabbit No. 
D24 
D18 
D22 
Date of inoculation  May 9, 1924. 
May 28, 1924. 
D  G 
Infinity.  0 
+  + 
Infinity.  0 
June 4, 1924. 
D  G 
o  Infinity. 
++  ++ 
0  Infinity. 
June 6, 1924. 
D  G 
i 
0  Infinity. 
++  ++ 
0  Infinity. 
In the next experiment we compared the vegetative capacity of the 
D  and mucoid strains of Bact. leplsepticum. 
Experiment 2.---On February 17, 1925, thirty rabbits were given into each naris 
cc. (250,000,000 organisms)  of various cultures of Bact. lepisepticum.  Five re- 
ceived the Rivers D and five the No. 103 D strain; ten were given a mucoid strain, 
No. 544, and ten a mucoid strain, No. 329.  Temperatures and nasal cultures were 
taken as before, and the survivors were autopsied and sectioned after a  73 day 
period of observation. 
The results of these inoculations are pictured in Text-fig. 2.  One rabbit, which 
received the Rivers D  strain, died of pneumonia on the 9th day; two developed 
snuffles and were carriers throughout the period of observation; two showed  no 
gross evidence of snuffles, but carried the organisms  11 and 36 days.  Two of the 
No. 103 D series died of pneumonia on the 7th and 9th days; one carried the bacilli 
15 days, and two less than 11 days.  Two of the mucoid No. 544 series developed 
chronic muffles; six others were "healthy" carriers throughout the experimental 
period.  Four  of the  mucoid No.  329  series  developed  snuffles;  five  became 
"healthy" chronic carriers,  while in one case the organisms  were not recovered 
from the nares after the 22nd day. 
A  striking difference in  the number of "healthy"  carriers is again 
evident;  eleven  animals--55  per  cent--of the  mucoid,  as  compared 
with none of the D  series.  This result agrees with those of the pre- 
vious experiment,  and  indicates  that  within  the  same,  as well as in 
different  bacterial  species,  there  are  some  strains  which  are  highly 
virulent and incapable of establishing a relatively harmless equilibrium 
with the host, whereas there are others of lower pathogenicity which 578  RESPIRATORY  INFECTIONS  IN  RABBITS.  VIII 
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do  vegetate  readily  under  both  natural  and  experimental  condi- 
tions. 
In the next experiment, D  and mucoid strains of Baa. lepisepticum 
and a strain of B. bronchisepticus  were used. 
Experiment 3.--On  April  14,  1925, thirty-two  rabbits  received  cultures  as 
follows:  Eight were given the Rivers D  and eight the No. 103 D  strain; eight a 
mucoid strain, No. DC 30, from the New City rabbit farm; and eight B. bronchi- 
septicus, No.  188.  Nasal cultures were taken at frequent intervals and clinical 
observations were recorded.  After 62 days, the survivors, together with a control 
group  of thirty  normal rabbits,  were killed and  autopsied  as in  the previous 
experiments. 
The results of the experiment are shown in Text-fig. 3, and may be stated as 
follows:  Two of the eight rabbits receiving the Rivers D  culture died of pneu- 
monia; two showed  symptoms of muffles for a  few days; one was a  "healthy" 
carrier throughout the entire period of observation; one carried the organism for 
51 days, and the other two for less than 9 days.  From the nares of Rabbit 05 G 
variants were recovered which  seemed to replace the original D  strain and then 
disappear altogether.  The animals receiving the 103 D culture behaved similarly. 
Two died of pneumonia; one became a chronic "healthy" carrier; two carried the 
organisms for 51 days, and the other three for less than 9 days.  Three rabbits 
receiving the mucoid DC 30 culture developed snuffles; two became "healthy" 
carriers, and the other three harbored the bacteria for shorter periods of time. 
All  of the rabbits given the bronchisepticus culture  became chronic  "healthy" 
carriers.  Two showed a slight mucous discharge for 5 days. 
The low carrier rate in  the  D  series--12.5  per cent--and  the  rela- 
tively high rates in the mucoid--25 per cent--and B. bronchisepticus-- 
100 per  cent--groups are consistent with  the  results obtained in  the 
previous  experiments,  under  similar  conditions,  and,  what  is  even 
more important,  correspond  to  conditions  as  they  exist in  nature  at 
the  present  time  many  "healthy"  chronic  carriers  of  B.  bronchi- 
septicus  and  the  mucoid  strains of Baa.  lepisepticum,  in  contrast  to 
very few  carriers  of  D  strains  of Bact.  lepisepticum.  We  conclude, 
therefore,  that  these  B.  bronchisepticus  cultures  and  the  mucoid 
strains of Bact. lepisepticum,  both of low virulence, are more capable 
of a  vegetative existence in  the  respiratory  passages of rabbits  than 
the highly virulent D  strains. 
One further test was carried out with a  G variant culture. 
Experiment 4.---On June 30, 1925, ten rabbits received in each naris ,1 cc. of an 
18 hour blood broth culture of the G variant of the Rivers D strain of Bact. lepi- LESLIE T.  WEBSTER  581 
septicum.  The animals  were  then placed  under observation  and  cultured  fre- 
quently.  64 days later,  the survivors were killed and nasal  tissues preserved for 
further study. 
The results are plotted in Text-fig. 4.  Four rabbits were free of the organisms 
within 3 days after inoculation, three others before the 9th day, and the remaining 
three before the 23rd day.  One of the latter, No. 48, showed a serous discharge 
from the nares for 72 hours. 
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TEXT-FIG. 4.  Response  of specially  bred  rabbits to intrnr~_~al inoculation of 
Bact. lepisepticum,  Type G.  Experiment 4. 
Evidently, therefore, pure cultures of the non-virulent G  variant 
of the Rivers D strain do not vegetate easily in the nasal passages of 
normal rabbits. 
Histological Studies  of the  Nasal  Passages of Normal  and Infected 
Rabbits. 
It will be recalled that the nasal passages of each rabbit used in the 
preceding experiments were cut into three blocks and sectioned for 
histological  study.  The results of these examinations are described 
in  the following paragraphs. 
The forty-two control animals were obtained from the Rockefeller 582  P,  ESPIRATORY  INFECTIONS  IN  RABBITS,  VIII 
Institute  breeding  room.  Their  nasal  passages  were  free  of  Bact. 
lepisepticum  and B. bronchisepticus, and contained only Micrococcus 
catarrhalis and other Gram-negative and positive cocci.  At autopsy, 
heart's blood and lung cultures were negative.  No gross abnormalities 
of any sort were observed except occasional pin worms in the intestines 
and Encephalitozoon cuniculi infection of the kidneys and brain. 
Anterior, medial, and posterior sections through the nasal passages 
of  twenty-seven  of  these  animals  appeared  normal.  The  nasal 
septum was slender, the many folds of the turbinates delicate, and the 
air spaces free of mucus or cell d6bris.  The areolar tissue surrounding 
the  cartilage  and  blood  vessels  contained very  few leucocytes.  A 
single layer of cuboidal epithelium covered the surface of the septum 
and  papill,e.  Lymphoid  tissue,  either  in  definite  nodules  with 
germinal centers on the posterior wall, or as aggregations of lympho- 
cytes scattered about on the septum or papillae, was present in varying 
amounts (Figs. I, a and 2, a).  Occasionally, when an animal had been 
killed by an anesthetic or cervical blow,  there was found a  marked 
dilatation of the septal and papillary blood vessels and an abundance 
of fluid in  the areolar tissue, nearly obliterating the free air  spaces 
(Figs. 1, b and 2, b). 
Very slight chronic inflammatory lesions of the septum or papillae 
were present in fifteen cases.  They consisted in local accumulations 
of eosinophils and mononuclear cells, hyperplasia of connective tissue, 
and a proliferation of the epithelial cells.  Such changes as these made 
it appear  that  young, supposedly normal rabbits, kept under ideal 
conditions and free of the more dangerous respiratory pathogens, do, 
nevertheless, come into contact with subtle agents which induce in 
the tissues of the upper respiratory tract  microscopic inflammatory 
changes.  These lesions of the "controls" must,  therefore, be kept in 
mind throughout the subsequent examination and interpretation of 
the experimental groups. 
In general, the histological lesions in the nasal passages of the experi- 
mental animals differed in degree rather than in kind.  In each ex- 
periment, the rabbits which resisted infection were like the controls 
in that they showed few or no abnormalities.  Lymphoid tissue was 
relatively  abundant.  The  "healthy"  carriers  usually showed focal 
chronic inflammatory lesions, which  involved the septa or papillae. L~SLm  T.  WEBSX~R  583 
The epithelium was cuboidal and hyperplastic; sometimes it became 
columnar and  exuberant with  folds which  gave  the papilla~  a  cauli- 
flower-like appearance (Figs. 1, c and 2, c).  In these cases, eosinophils 
and  mononuclears  were  numerous  and  proliferating  fibroblasts  in- 
creased  the  size and  distorted  the outlines  of the  septa  and  papllla~ 
(Fig.  2, d).  In cases with chronic snuffles, extreme examples of this 
process were encountered.  The septum was thickened; papilla~ were 
reduced in  number  and  appeared  large  and  blunt.  Cauliflower-like 
proliferation  of  the  columnar  epithelium  was  striking.  Fibroblasts 
and leucocytes distorted the cartilage and scattered the blood vessels. 
Lymphatic tissue was reduced in amount and cellular d~bris filled the 
lurrdna  (Fig.  1,  d).  The nasal  tissues of the animals  which  died of 
pneumonia were apt to be more nearly normal, except for generalized 
congestion,  edema,  and leucocytic accumulations,  espedaliy marked 
in the region of the lymphoid tissue. 
The findings in the rabbits used in Experiment 1 may be summarized as follows: 
With the exception of the snuffles cases which showed erosion of the cartilage and 
reduction in number of papillae, lesions in the ]~act. lepisepticum group did not differ 
materially from those of the B. bronchi~eptlcus series.  Two of the four animals 
resistant to the Rivers strain were quite normal; the other two showed a single 
thickened area on the septum and one or two slightly enlarged papill~.  The two 
carrier cases had definite lesions in their septa, and slight hypertrophy of some 
papillae.  In seven of the eleven snuffles cases the septa were affected; in four the 
papill~ were reduced in number, very large and blunt, and covered with hyper- 
plastic, columnar epithelium.  Both of the pneumonia cases showed congestion, 
edema of the areolar tissue,  and infiltrations of eosinophils.  In the B. bronchi- 
septicus group, eleven of the fourteen carriers had septal lesions and three cauli- 
flower-like hyperplasia of columnar epithelium.  In three cases nothing abnormal 
was noted. 
The four different strains of Bact. lepisepticum  used in Experiment 2 induced 
similar lesions of different severity.  The nasal passages of the two animals resistant 
to the Rivers D  strain appeared normal; those of the two snuffles cases showed 
marked thickening of the septa, a decrease in the number of papillm, and pro- 
liferation of fibroblasts and columnar epithelium.  One of the animals resistant to 
103 D had slight  septal lesions; the other two were normal.  The one rabbit re- 
sistant to M 544 showed no nasal lesions.  Of the five carriers examined, all had 
slight or moderate thickening of the septa and in three the papilla~ were enlarged 
and the epithelium hyperplastic and columnar.  One of the resistant animals in the 
M 329 series was normal; the other had a slight septal lesion.  All of the five car- 
rier cases showed marked chronic,  inflammatory changes in the septum; in one 584  RESPIRATORY  INFECTIONS  IN  RABBITS,  YlII 
there was also an extensive involvement of the papillae.  The three muffles cases 
had severe lesions.  Fibroblasts and proliferating columnar epithelium thickened 
the septum and distorted the papillae.  Mononuclear cells were scattered about 
in  large numbers. 
The same types of acute and chronic inflammatory processes were found in the 
nasal passages of rabbits used in Experiment 3.  The two resistant animals in the 
Bact. lepisepticum Rivers D group had slight lesions on their septa, with thickened 
nodules  of columnar epithelium on the papillae.  The one carrier showed  slight 
thickening of the septum and one or two club-shaped papillae.  Two rabbits which 
had had symptoms of snuffles for a short time only, and had ceased to  carry the 
organisms, had marked areas of thickening on the septa and slight hyperplasia 
of the papillary epithelium.  One of the two pneumonia cases  showed  a  slight 
nodule on the septum; the papillae of both were edematous, congested,  and in- 
filtrated with eosinophilic  leucocytes.  There were three resistant animals in the 
Bact. leposepticum D  103 series.  Two were normal, and one had a  chronic,  in- 
flammatory nodule on the septum.  The three carriers ~or part or the whole of the 
period had marked thickening of the septa and enlarged papiIla~ covered with 
hyperplastic, columnar epithelium.  The one pneumonia case examined showed 
the  typical,  acute,  inflammatory reaction.  The  one animal resistant  to  Bact. 
lepisepticum DC 30 had a slight septal lesion.  The carriers and those with snuffles 
showed  marked thickening of the septa and cauliflower-like  enlargement of the 
papillae, due to hyperplasia of columnar epithelium.  All  the carriers in the B. 
bronchisepticus group had connective tissue thickening and epithelial hyperplasia 
of the  septa.  Three  showed,  besides,  extreme cauliflower-like  proliferation  of 
columnar epithelium on the papillae. 
Four of the rabbits inoculated with the Rivers G strain showed  no lesions  in 
their nasal passages.  Four had slight lesions  of the septum; two of these and two 
others had slight loci on one or two papilla. 
These findings are summarized in Table II in such a  way as to show 
the presence or absence of lesions in the nasal passages of (1)  control, 
uninoculated  rabbits;  (2)  similar  animals  which  proved  refractory 
to  nasal  instillations  of Bact.  lepisepticum  or B.  bronclrisepticus;  (3) 
animals which became chronic "healthy"  carriers of these  organisms; 
and (4)  those which developed snuffles, or (5) pneumonia.  The totals 
at the foot of the table state that 65 per cent of the controls showed no 
lesions  in  their  nasal  passages;  that  a  relatively  similar  number-- 
56 per cent--of the refractory animals was normal; that  92  per cent 
of the healthy, chronic carriers had lesions;  and that all of the snuffles 
and pneumonia cases showed extensive chronic or acute, inflammatory 
reactions.  From these figures we conclude  that  the animal which is e~ 
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refractory  to  a  nasal  instillation  of  these  organisms  is  actually not 
infected,  and  that  the  chronic carrier, although  clinically healthy, is, 
in  truth,  an  infected,  although  relatively  resistant,  individual. 
The fact that  the lesions found in  the controls seemed to differ in 
degree only from those found in animals infected experimentally with 
Bact.  lepisepticum  and B.  bronchisepticus  might  lead one to consider 
that  some more subtle agent  was responsible for  the  entire  process, 
and that the introduced bacteria served only to aggravate a  condition 
already  present.  However,  all  other  clinical,  bacteriological,  and 
pathological  evidence  makes  this  interpretation  most  unlikely. 
Rather one must regard  the nasal passages as delicate  tissues which 
respond  in  a  characteristic  manner  to  various  types  of  injurious 
influences. 
DISCUSSION. 
Fundamental  questions regarding  the significance of the "healthy" 
chronic carrier  state have been coming more and more into the fore- 
ground.  These  questions relate  to possible changes in  the bacteria, 
as well as to modifications in the host.  For example, it has been noted 
that the diphtheria bacilli  2 and the pneumococcP which survive in the 
nasopharynx usually belong to the less virulent groups.  ~Vfucoid  and 
rough  variants  of  typhoid,  paratyphoid,  and  dysentery bacilli  have 
also been recovered from the stools of human carriers. 4 
In  the  study  of  these  bacterial  types and  variants  from  human 
carriers, it has been necessary to base conclusions regarding virulence 
and vegetative properties upon the results of artificial  animal  tests? 
It  may,  therefore,  be  considered  as  an  advantage  to  study  these 
2 Guthrie, C. G., Gelien, J., and Moss, W. L., Bull. Johns Hopkins Hosp., 1920, 
xxxi, 388. 
s Dochez, A. R., and Avery, O. T., J. Exp. Med., 1915, xxii, 105.  Christensen, 
S., Studies on pneumococcus types, Thesis, Copenhagen, 1923, in Communications 
de l'Institut s~roth~rapie de l'Etat Danois, 1923, xiv, No. 5. 
4 Fletcher, W., Lancet, 1918, ii, 102; J. Roy. Army Med.  Corps, 1920, xxxiv, 
219.  Krumwiede, C., Cooper, G., and Provost, D. J., J. Immunol.,  1925, x, 55. 
Gardner, A. D., and Walker, E. W. A., Y. IIyg., 1921, xx, 110.  Walker, E. W. A., 
Proc. Roy. Soc. London, Series B, 1922, xciii, 54; J. Ityg., 1922-23, xxi, 87. 
Schoenholz, P., and Meyer, K. F., Y. Infect. Dis., 1921, xxviii, 588.  Christian- 
sen, C. R., Neilson, N. M., and Meyer, K. F., Y. Infect. Dis., 1921, xxviii, 394. LESLIE  T.  WEBSTER  587 
properties  in  a  bacterium  which  induces  respiratory  infection  in 
rabbits  under  natural  conditions,  which  conditions  may  be  more 
closely simulated.  Our own experiments, reported in this paper, have 
shown decisively that highly virulent types of Bact. lepisepticum  are 
incapable of surviving in  the nasal passages  of the healthy  rabbit, 
while strains of low virulence, including several cultures of B. bronchi- 
septicus,  both survive and multiply for long periods.  We found also 
that in the more resistant animals, the highly virulent strains of Bact. 
lepisepticum are replaced by variants of very low pathogenicity, which 
themselves disappear altogether after a  short time. 
Nor is this all.  For we learned that the equilibrium of the carrier 
state implies a  selection of certain individuals as hosts and a  definite 
reaction  in  their  tissues.  If  any  considerable  number  of  healthy, 
non-exposed rabbits are given virulent cultures by nasal instillation, 
the "healthy" chronic carrier condition develops only in individuals 
relatively resistant  to  the  organism,  and  induces  always,  in  these 
animals,  a  definite, chronic, inflammatory process.  These observa- 
tions are in agreement with those of "healthy" chronic, human carriers, 
who  are  now  regarded  as  infected individuals  displaying  a  certain 
amount  of immunity.  6  Hence,  the  two  series of observations--the 
one  derived  from  human,  and  the  other from experimental animal 
pathology--are in this respect in  agreement. 
As a  conclusion to  this report,  we wish to  summarize the results 
of all our studies of host susceptibility in Bact. lepisepticum infection, 
and to relate them to those already obtained in our investigation of 
mouse typhoid.  In  the first place,  we have observed that  the rab- 
bits in each of several communities, in which a uniform type of Bact. 
lepisepticum is widespread, may be divided into the following, definite 
groups, according to their reaction to the presence of this organism: 
(1)  non-infected, resistant  animals;  (2)  chronic  "healthy"  carriers; 
(3)  cases with local infections, such as snuffles and otitis media; and 
6  Ledingham, J. C. G., and Arkwright, J. A., The carrier problem in infectious 
diseases, International  Medical Monographs, London, 1912.  Garbat,  A.  L., 
Typhoid carriers and typhoid immunity, Monograph of The Rockefeller  Institute 
for Medical Research, No. 16, New¥ork, 1922.  Nichols, H. J., and Kelser, R. A., 
Carriers in infectious diseases, Baltimore, 1922.  Dudley, S.  F.,  Pub. Health, 
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(4) pneumonia and septicemia  cases.  7,  ", b,,  Secondly, we are finding 
that pure bred races of rabbits differ markedly in their susceptibility 
to this organism:  'a  We  note,  furthermore, that  other influences-- 
seasonal changes  TM  and harmful substances injected parenterally  7, e__ 
disturb  this equilibrium between parasite and host,  and lead  to an 
increase in  percentage of snuffles and  pneumonia  cases  and  a  cor- 
responding decrease in chronic carriers and resistant animals. 
Fortunately, we have been able to  induce these various  types of 
reaction under experimentally controlled conditions, with known and 
constant  bacterial virulence and  dosage and  specially bred rabbits, 
protected from previous exposure to Bact. lepisepticum.  Under these 
circumstances, if any group of such rabbits is given a known dose of a 
culture of Bact. lepisepticum,  by nasal instillation,  the percentage of 
resistant animals, of chronic carriers, and of snuffles and pneumonia 
cases is relatively constant and may be considered to express quanti- 
tatively the resistance of the given group of animals to  the organ- 
ism (7.  c., and this communication). 
It would require many hundreds of rabbits to convert these rough 
percentages into a curve which would describe exactly the resistance of 
an inbred strain of rabbits to a  given dose of any type of Bact. lepi- 
septicum.  But all the data thus far accumulated indicate that rabbits 
show the same highly various susceptibility to Bact. lepisepticum  as 
mice do to mouse typhoid bacilli, and that for rabbits,  as well as for 
mice, "this  quality  of resistance is  present in  different amounts in 
individuals of  the  same family or  race,  and  that  these  differences, 
under  properly controlled  conditions, take  the form of  a  frequency 
curve.:" 7, k 
SUMMARY. 
Rabbits with no previous exposure to Bact. lepisepticum  were given, 
intranasaily, a known dose of one strain or another of this organism, 
or of B.  bronchisepticus.  The results  give grounds for the following 
conclusions. 
7  Webster, L. T., (a) J. Exp. Med., 1924, xxxix, 837; (b) xl, 109.  (c) Smith, D. 
T., and Webster, L. T., J. Exp. Med., 1925, xli, 275.  (d) Webster, L. T., Am. 
J. Hyg., 1925, v, 335; (e) J. Exp. Med., 1924, xxxix, 857; (.f) xl, 117; (g) 1926, 
xliii, 555; (h) 1925, xlii, 1. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XLIII.  PLATE  20. 
FIG.  1. 
(Webster:  Respiratory infections in rabbits. VII.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  XLIII.  PLATE  21. 
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(Webster:  Respiratory infections  in rabbits.  VII.) THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. XLIII.  PLATE 22. 
FIc. 3. 
(Webster: Respiratory infections in rabblts.  VII.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  XLIII.  PLATE 23. 
FIG.  4. 
(Webster: Respiratory infections in rabbits.  VII.) LESLIE  T.  WEBSTER  589 
(a)  Results referable to the fate of the bacteria. 
1.  Highly virulent  strains  of Bad.  lepisepticum  are  incapable  of 
vegetating  indefinitely in  the  nasal  passages  of  surviving  rabbits. 
But from the organism of high virulence, variants of low pathogenicity 
may develop and persist for a few days. 
2.  Less virulent, mucoid strains of Bact. l@isepticum and strains of 
B. bronchis@ticus  are capable of surviving indefinitely in the  rabbit's 
nasal passages. 
(b)  Results referable to the host. 
1.  Rabbits refractory to infection under the conditions of the experi- 
ment usually show no lesions of the nasal passages, other than those 
to  be  met  with in  control  rabbits.  These  may show slight micro- 
scopic, focal, chronic, inflammatory lesions of the nasal passages. 
2.  The animals which become chronic "healthy"  carriers, as result 
of the infection, and those which show clinical symptoms of snuffles 
all develop well marked,  chronic, inflammatory lesions of the nasal 
passages. 
3.  Those  markedly susceptible  animals which  succumb  to  pneu- 
monia  caused  by  the  injected organism  all  show  an  acute  type of 
inflammatory lesion of the nasal passages. 
EXPLANATION OF PLATES. 
PLATE 24. 
Fio. I, a to d.  Nasal passages of control and experimental  rabbits.  X 5. 
(a)  Normal  control rabbit.  Note delicate septum and papillm. 
(b)  Normal control rabbit  killed with  chloroform.  The  blood vessels and 
lymph and  tissue spaces are so engorged that the breathing  space is  greatly 
reduced. 
(c)  Control Rabbit D318.  There  are local areas of thickening on the septum 
and a number of papillae with club-shaped ends. 
(at) Experimental Rabbit  D236.  Inoculated intranasally with Bact. leplsep- 
ticum DC 30.  Clinical  snuffles was apparent during the  2 months period of  ob- 
servation.  Note the reduction in number and increase in size of the papillm on 
the left side. There is a small abscess involving  one turbinate. 590  RESPIRATORY  INIFECTIONS  IN  RABBITS.  VIII 
PLATE 25. 
biG. 2, a  to d.  Sections of papill~e and septum of the nasal cavities of normal 
and experimental rabbits.  ×  135. 
(a)  Normal control rabbit.  A  single layer of cuboidal epithelium covers the 
cartilage and delicate areolar tissue. 
(b)  Normal  control  rabbit  killed  with  chloroform.  The  blood  and  lymph 
vessels are distended and the tissue spaces are filled with serum. 
(c)  Experimental  Rabbit D331.  Inoculated intranasally with  Bact.  leplsep- 
ticum 103.  Proliferating fibroblasts and hyperplasia of columnar epithelium have 
given the papilla~ a cauliflower-like appearance. 
(d)  Nasal septum  of the  same  rabbit.  Note  the  fibroblasts and  leucocytes 
beneath the hyperplastic, exuberant, columnar epithelium. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLIII.  PLATE  24. 
Fro.  1. 
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FIG.  2. 
(Webster: Respiratory infections in rabbits.  VIII.) 